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INTRODUCTION: COMPROMISING SEALING SURFACES 

For decades, high-pressure sealing of bottom lock mechanical holddowns in deep wells 

has been compromised by solids intrusion and incompatible components. Sand 

infiltrates sealing surfaces, causing failures and costly interventions. Operators are 

forced to unseat and reseat pumps, only to find that solids have once again disrupted 

the seal, triggering leaks and expensive workovers. Mismatched seating nipples have 

reportedly forced costly workovers due to leakage, affecting pump performance. Despite 

API’s ongoing efforts, a universal and interchangeable solution remains elusive. The 

hybrid mechanical bottom lock integrates a breakthrough Hybrid Seal, engineered to 

withstand extreme temperatures, chemical exposure, gas embolism and the 

unpredictable behavior of solids interfering with sealing pressure.  

HISTORY: PROGRESS AND TRANSFORMATION 

Abrasive Wear 

Sand and other hard solids are among the most destructive contaminants in downhole 

pumping systems, primarily due to their high hardness relative to the sealing materials. 

In conventional metal-to-metal sealing configurations, pumps rely on tight contact 

between the metal surfaces, like between a plunger and a barrel, to maintain pressure 

integrity. As the plunger reciprocates, abrasive particles suspended in the produced fluid 

become trapped in the clearance between these surfaces. Because the plunger and 

barrel are often composed of materials with dissimilar hardness, the harder particles, 

such as quartz-based sand, rapidly score and cut into the metal surfaces, accelerating 

wear and increasing leakage paths. 
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During continuous up-and-down motion, these solids 

do not simply pass through the system; they 

mechanically embed into the softer of the two 

contacting materials. In metal-to-metal seals, particle 

embedding occurs first on the softer material, which 

leads to a path for fluid flow. As shown in Figure 1, the 

metal-to-metal sealing section has been compromised 

by solids, establishing a path for fluid flow. This 

creates a raised defect or micro-channel around the 

embedded grain, resulting in imperfect contact, fluid 

bypass, and progressive loss of sealing efficiency. 

Over time, these micro-defects propagate, leading to 

plunger washout, loss of compression, and shortened 

pump life. 

The Hybrid Seal incorporates rubber-like material, 

providing a more accommodating substrate. Recent 

studies highlight the advantages of integrating rubber 

materials into a metal-to-metal seal. This dual-sealing 

system maintains reliability under fluctuating pressure 

conditions (Lv, et al. 2025). Elastomeric materials 

deform significantly more under load, allowing sand 

particles to embed deeper and become fully 

encapsulated within the seal layer. This encapsulation 

effect prevents the particle from protruding into the 

sealing interface and maintains a smooth, continuous 

contact surface. As a result, the sealing integrity is 

preserved even when solids are present, and wear is 

distributed more uniformly across the elastomer rather 

than at a single metal interface.  

 

Evolution of Sealing Materials 

Material selection remains a critical determinant of long-term performance. Research 

supports the use of high-strength, corrosion-resistant alloys, to ensure durability in 

abrasive, high-load environments (Lv, et al. 2025). The Hybrid Seal mechanical bottom 

lock assembly uses base material specifications (Monel 400 or 660 Azarcon Bronze) 

that align with Lv et al.’s research. Additionally, sealing interface geometry plays a 

significant role in stress distribution. Lantao explains that a 15° contact angle from the 

vertical reduces stress on sealing surfaces; however, this must be optimized carefully, 

Figure 1. Mechanical bottom 

lock assembly wash out. 
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as lower angles may deliver performance benefits while introducing potential issues. 

The primary concern is the increase in contact stress, which is associated with the 

increase in contact angle. Collectively, these insights validate the engineering principles 

behind the Hybrid Seal. 

Although the rubber and metal combination are not new technology, mechanical bottom 

locks have yet to adopt the new technology. Other sections of the pump have been 

introduced to other materials that are more susceptible to solid particles, though are 

limited by other means. For example, plungers have been introduced to materials such 

as nylon, fiber, PTFE (e.g., Teflon®), high glass, polyketone, and other hybrid sealing 

surfaces using plastics, rubbers or metal-reinforced elastomeric materials. Other forms 

of sealing tools such as the cup type holddown assemblies, incorporate materials such 

as plastics, fiber and high temperature rubber like materials. 

 

API’s Pursuit for Interchangeability 

Over the years, API has sought after several dimensional standards, including cup type 

holddowns, mechanical bottom locks and material specifications, in an effort to achieve 

true interchangeability across suppliers. True interchangeability would be possible when 

any API-labeled mechanical bottom lock assembly would fit and seal properly in any API 

labeled pump seating nipple. Efforts to improve and standardize sealing reliability by 

incorporating O-rings proved ineffective. The elastomeric O-rings frequently washed out 

during pump unseating for flush-by operations or suffered gas embolism from high-

pressure gas entrained in the wellbore fluids, resulting in swelling and seal failure 

(Williams 2025). In field practice, the only consistently reliable method to ensure a 

mechanical bottom lock assembly properly engages downhole is to pair it with its 

matching seating nipple from the same supplier. While these matched assemblies 

generally perform well, constant supplier changes, shifting product lines and a lack of 

universal dimensional compatibility that undermines interchangeability are common 

challenges for operators today.  

 

Hydrogenated Nitrile Butadiene Rubber Technology 

The hydrogenated nitrile butadiene rubber (HNBR) was selected purely on capabilities, 

which would cover some of the extreme environmental conditions downhole. Some of 

these capabilities include the high hardness, high temperature rating and the 

deformation capabilities. Fortunately, the original supplier of the HNBR conducted a 

study on several components in different environments to determine changes in 

material properties. One particular test shown in Figure 2 illustrates the results of a 

material in a medium of OBM (oil-based mud), specifically selected to reflect oil-and-gas 
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downhole conditions. Several parameters relevant to material performance were 

evaluated, including temperature, pressure, and exposure duration. The HNBR material 

has a temperature rating of 170°C (330°F), while the test was performed at 

approximately 100°C (210°F), a thermal environment below its maximum rating but still 

capable of influencing performance outcomes. In addition, the pressure was increased 

to 20.7 MPa (3000 psi), and the total test duration was 48 hours. The historical analysis 

completed by the HNBR supplier was designed to simulate a representative downhole 

environment characterized by the OBM, elevated temperature, elevated pressure, and 

prolonged exposure. While the most severe conditions were not fully replicated, the 

results remain highly relevant for wells operating near these parameters.  

 

Figure 2. Rubber testing OBM. 

Overall, the findings were encouraging for downhole applications. The Durometer 

hardness, shown in Figure 2, decreased by roughly 2%, from 80 to 78.4 Durometer, 

indicating minimal softening and suggesting strong material stability over the test period. 

The diameter of the test specimen increased by approximately 1.5%, meaning that a 

25.4 mm (1.000 in.) sample would expand to about 25.78 mm (1.015 in.), or less than 

0.2 mm (0.0075 in.) per side. Thickness increased by about 4%, meaning a 25.4 mm 

(1.000 in.) section would grow to roughly 26.42 mm (1.040 in.); in rod pumping 

standards, a dimensional change of 0.040 in. per inch may be considered significant. 

Finally, the mass of the specimen increased by approximately 5%, equivalent to a gain 

of about 0.5 g per 10 g of material. 

The laboratory evaluation of the HNBR material demonstrated strong compatibility with 

downhole conditions. Although the test shows minimal changes in hardness, moderate 
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dimensional growth, and an acceptable increase in mass, the results indicate that the 

material maintains stability and structural integrity within the tested range. These results 

support the suitability of HNBR for use in hybrid seal applications operating in 

comparable well environments. 

HYBRID DESIGN FEATURES 

The hybrid mechanical bottom lock assembly is 

built around a hybrid sealing system that merges 

precision-machined metal components with a 

custom elastomeric material. A hydrogenated 

nitrile butadiene rubber (HNBR) seal ring, 

engineered for high-pressure, high-temperature 

environments, is united with 660 Azarcon Bronze 

or Monel 400. The HNBR sealing surface acts as 

the primary barrier against solids intrusion, while a 

metal-to-metal contact provides secondary sealing 

integrity, increasing reliability and performance. 

Using a custom compression molding process, the 

rubber seal is integrated directly into the seal ring, 

creating the hybrid seal that enhances resilience 

against sand erosion, chemical exposure, and gas 

embolism. In an informal experiment simulated 

downhole conditions, testing the hybrid seal 

anticipated the following performance 

expectations. 

Design features: 

The hybrid seal design integrated the following features: 

o High Strength: Rated at 90 Shore A, the HNBR compound offers exceptional 

hardness and durability, ideal for resisting deformation under pressure. 

o Temperature Resilience: Performs reliably in environments ranging from -31°F 

(-35°C) to 330°F (170°C), making it suitable for high-temperature wells. 

o Exceptional Strength: With tensile strength rated at 4,000 psi, the HNBR ring 

seal withstands extreme mechanical stress, an essential feature for maintaining 

integrity in high-pressure downhole environments. 

o Chemical Resistance: Withstands exposure to aggressive downhole fluids, 

including hydrocarbons, sour gas, and treatment chemicals, without degradation. 

Figure 3. Mechanical bottom lock with 

hybrid seal assembly. 
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o Gas Embolism Resistance: Designed to resist gas becoming entrapped within 

the rubber seal.  

o Elastic Deformation Capacity: Maintains sealing integrity even under repeated 

stress, flush-back cycles, and pump reseating events. 

 

EXPERIMENT METHODOLOGY  

Informal laboratory testing was conducted to assess the integrity of the hybrid seal 

under simulated downhole conditions and to determine whether further testing or field 

trials are warranted. The primary experiment explored whether the hybrid seal could 

maintain a leak-free seal at 5000 psi for 15 minutes. The test sequence was performed 

twice under consistent, controlled conditions to validate the Hybrid Seal’s pressure-

retention capability. In both trials, the assembly was pressurized to 5,000 psi and 

maintained at approximately 86°F (30°C) using standard tap water as the test medium. 

Each test interval lasted for 15 minutes to 

evaluate sustained performance rather 

than momentary sealing effectiveness. 

Following pressure testing, the entire 

bottom lock assembly was pulled and 

examined for HNBR-based rubber 

extrusion, tears, or evidence of structural 

failure under load.  

 

The experimental apparatus was 

comprised of a pump that can exceed 

5000 psi and controlled from a safe room 

behind the testing room. The testing room 

was protected by clear, bulletproof glass to 

maintain maximum safety and visualization 

capabilities. The pump pulled water from a 

tap water supply, sent through a valve and 

to the water line. The water line included 

an adaptive end (bull plug) that can be 

assembled at the top of the testing 

apparatus. The assembly consists of a 2-7/8 

in. bull plug at the top, with a special 

adapter. The special adaptor is used to assemble the water line to the bull plug. The bull 

plug is connected to a 2-7/8 in. coupling with tapered threads, also known as a tubing 

Figure 4. Pressure testing apparatus. 
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collar. The tubing collar connects the bull plug to a 3-foot-long, 2-7/8 in. tapered thread 

pup-joint. On the other end of the pup-joint is another 2-7/8 in. tubing collar connecting 

the pup-joint to a 2-7/8 in. pump seating nipple with tapered threads.  

There are four internal components to 

the mechanical bottom lock assembly 

shown on the left of Figure 5. Starting 

from the top is a special threaded plug, 

then the three components of the 

mechanical bottom lock assembly: a 

bushing, the Hybrid Seal, and a 

mandrel.  

EXPERIMENT LIMITATIONS 

This was a limited, informal experiment 

to determine if formal testing and field 

trials are warranted. Conclusions were 

limited to a pressure test run multiple 

times, which could represent 

cumulative effects. Realistic replication 

of downhole environments presented 

another challenge. Downhole 

environments are constantly changing, 

including the liquid viscosity, solid 

particles varying in size, gas intrusion, 

gas embolism, temperature changes 

and the behavior of liquid at such 

depths. These experimental limitations 

and the variations typical in downhole 

environments support future field trials. 

 

  

Figure 5. Mechanical bottom lock with hybrid seal 

assembly. 
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EXPERIMENT RESULTS 

Throughout each test, no leakage was observed at any point along the sealing 

interface. The Hybrid Seal exhibited full structural integrity, with no signs of deformation, 

extrusion, or material compromise. The HNBR elastomer portion showed no evidence of 

cracking, swelling, or mechanical failure, and the metal sealing components remained 

completely intact. These outcomes collectively demonstrate the Hybrid Seal’s capability 

to maintain a stable, leak-free barrier under elevated pressure and moderate 

temperature conditions. 

DISCUSSION: 

Although the initial tests yielded positive and repeatable results, significant opportunities 

remain to further advance the evaluation of the Hybrid Seal and define its operational 

limits. Downhole conditions, especially in deep wells, can extend systems to pressures 

exceeding 5,000 psi, making high-pressure resilience a critical requirement. To address 

this, the next phase of testing will include pressure levels above 5,000 psi to determine 

the Hybrid Seal’s ultimate pressure capacity and durability under extreme loading. 

Under limiting pressure, the interchangeability will be tested, across different pump 

seating nipples. 

As previously noted, accurately simulating downhole environments presents inherent 

challenges. Factors such as entrained solids, varying fluid viscosities, gas intrusion and 

embolism, temperature gradients, and dynamic fluid behavior, all contribute to a 

complex environment. These parameters must be considered in future testing to ensure 

a comprehensive understanding of the Hybrid Seal’s limiting performance. 

The Hybrid Seal testing program will continue to evolve, prioritizing laboratory testing of 

different configurations and integrating real-world variables. Most importantly, final 

validation will require deploying the Hybrid Seal in a downhole environment within its 

designated application. This field testing will provide the most accurate assessment of 

its sealing capability, operational reliability, and long-term performance under true 

wellbore conditions. 

CONCLUSION: 

The mechanical bottom lock assembly with the Hybrid Seal represents a step change in 

the evolution of downhole sealing technology. By integrating precision-engineered metal 

sealing parts and a hydrogenated nitrile butadiene rubber (HNBR) elastomer, the Hybrid 

Seal appears to mitigate several long-standing challenges associated with harsh 

wellbore conditions, including abrasive wear, solids intrusion, chemical degradation, and 

gas-related distress.  
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Preliminary testing validated that the Hybrid Seal in a mechanical bottom lock assembly 

maintained a leak-free seal at 5,000 psi with no observable deformation, material 

compromise, or mechanical failure. These early results highlight the Hybrid Seal’s 

potential to perform equal to or better than conventional sealing systems that 

traditionally struggle under similar conditions. 

While the outcomes to date are promising, continued evaluation is essential to fully 

characterize the Hybrid Seal’s performance. Planned experiments will test the limits of 

the Hybrid Seal to higher pressures, more complex fluid systems, and dynamic loading 

conditions that more closely resemble challenging downhole applications. Field 

validation will serve as the final and most critical measure of long-term reliability. 

Overall, the Hybrid Seal may be seen as a transformative advancement for the industry. 

Its demonstrated durability, resilience, and adaptability, showing the potential to reduce 

operational downtime, extend equipment life, minimize the frequency of costly 

interventions and offers the potential for further investigation towards API 

interchangeability. As testing progresses, this technology is poised to set a new 

benchmark for long-term sealing integrity in demanding wellbore applications. 
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Appendix A: List of Pressure Testing Apparatus 

 

 

 

 

Part Number  Description Material 

Water Diluted water at 30 °C (86 °F) in a closed 
system 

N/A 

Pump Info Haskel air driven liquid pump 20 ksi max 
pressure 

Stainless Steel 

2-Max Jack BalFlex - 
Water Line 

0.5” inside diameter X 0.9” outside 
diameter, 8100 PSI rating 

Rubber / Wire Braids 

TC-278J55 Coupling Tubing 2-7/8” X 2-7/8” EUE Box 
X Box, 3.668” OD 

Carbon Steel 

PJ-278X3J55 Pup-Joint 2-7/8” X 2-7/8” EUE Pin X Pin Carbon Steel 

N/A Custom Machined No-Flow Plug, 1.8024 
– 14 TPI Box Threads 

Carbon Steel 

S26N Bushing API Mech. Bottom Lock 2-7/8” Stainless Steel 

108N-R Seating Ring HNBR Rubber Style Mech. 
Bottom Lock 2-7/8” 

Azarcon Bronze 

PH83N Mandrel API Mech. Bottom Lock 2-7/8” Stainless Steel 

S92N Nipple Seating API Mech. Bottom Lock 2-
7/8” 

Stainless Steel 


